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A need exists in the Army, a!d i: the cons.ruction industry as
well, for *n efficient, highly mobile, rapid means for drilling large
dimeter holes in hard rock. The Army's drillitg tequirements are more
re-tarictive tha might be tolerated in the contruction industry, but
Che chraceri.cics of equipment that will satisfy Army requirements
should nonetheless, provide a broid drilling capability that viii have
univerbil appeal as a construction tool. The Army's requirements can be
suamarized as follows:

I. Worldwide deployment is necessary; therefore, the equipment
must be capable of operation in any type of soil or vock,
under all types of climatic conditions.

2. The equipment must be of modest size and weight to be com-
patible with critical logistic requirements.

3. The vapability for drilling holes u.p to 20 to 24-itch
dimeter in hard rock is nec2ssary for special purpcse
emplacesO.nts.

4. The equipoent must have a rapid emplacement cap i'iiry
both n hole drilling and emplacement set-up tM1e.

Large quantities of energy are required to dril" holes In h,'rd
roc-k. Coxercial equipment is available in integrated, mobile imits
hiot is capzble of drilling holes up to about 8 inches in dfameter in
this ".sdia, but .1he energy requirements are so great in holes larger
thav this that mulL-unit ectzlpment is needed that is hc.7yv, expensive,
and trom t),,., Army's viewpoint, logistically unsm.-iptable. The chemical
energy In ex-i(?syives Is one of the most .--:icient sources of potential
C.lergy /,:..abl3, and If At effective means can be found to utilize this

energy to d.it.Age and 1reak up the rock in the bottom of a borehole
into .... .. t ,an be flushed to the eurface, then explosive
dr&liu "s , -sqt . c.!e., actical and :ra'tive drilling process. Con-

cept., far arili, tng 2xpl6alves in an effective -maner in a drilling
process weii connced.%, and -research has been conducted that provides
positive lndi-aiIcs t,ant explcsiv. drilling can be sn efficie-t process.
This Vo-k 9roV!.2- ar insihv ino the nature of the equipment thzt
could be emaloyed. One of the important products of this research vas
the developi",. :f a unpgue r(J-plaaLic, multi'jet, shaped charge capsule.
This servrv a. the drii:AIrn cool in this explosive drilling concept.

Based upon the rcbt;Irs of thi3 research, this program was planned

and conducted to advance , iv ev'elopme-, of an exploe!.'e capsule. Alsc,
equipment is required chzr rill feed these capsules into the borehole in
a safe, controlled montw€:. l-is neoj has been s.isfied by including in

iij



the program the development of an automatic feeder that. ws adapted to
a small commercial drilling unit to create a lightweight, mobile, ex-
plosive drill rig. Safety was a prime consideration in the designs for
both the capsule and the feeder, and systam were desi~ned and teatad
that provide the neessary safety provisions. Economy in manufacture
for the explosive capsules is a very important consideration. This
i-tr.er recteived considerable attention, and producible designs were

developed for the capsule parts. Tooling was also developed to fabri-
cate some of the parts to check the effectiveness of proposed production
Kethods. Explosive loading of the capsules was also investigated, and
success was achieved in modifying the capsule so that loading can be
accomplished by a standard produ-tion process. Tests of the feeder *ad
capsule were conducted to check performance. A check of saf Ly pro-
vivions was an important pcrt of these tests.

II



UNCLASSIFIED
%CCUmlTY CL £501 F9CAleOW 0$ 11415PAE9 tVN= D. &we**

R9OR1 DOiMSItfATOW PAMGEA 818ThucTIc-
1. Wak Nuft05 *OVT ovv MM NO 011aPCO*TurS CATALOG mu6SC

ER -8724

14. TITLIE (40 S600 S TYPIE OF 66,0W? & 109011* C0V9Ak9O

Development of Equpmnt for Fina

Explosive DrilligOc.195- u 17

.- ha -76

Im f3OW OAUI. fO N£E act No.65 DAW.

M&Z corporationmAS~PW1 MS tW

linds tr Lan DAProject 4Io. W,7627014&

Cockeysville, Herylarnd 21030 H6 7"
I I CONTRSOLLING OFFICE MASK £6&NO .M. 49MMT~ OATS

Laboratory 60D Juna 1976
11.3.Army Mobility Zquimet Research Develop- is nuest660O '#AG9S
oen Command Fort lelvoir, Virginia 25

14 moot-11NG £4tnCV NAIM A006fM"I *~w On= Coo.mt*4 046s) IS SCCUONTV CL ASS (a4dt IS0. #pj

Unc lass if ied

16. &STIjTtOW S'T AT616"T (of Wo 3Af3

This document has been approved for public release and sale; its
distribution is unlimited.

II OS7SIOTIOU ST&ATE.EMT (01 00 mbfa eaf 1md to apc 3. If dhsfm Ow

SaJ tt~nMVAR'r NOTES

None

Xxploslv Dilin

*condoctv4 tz provide spca equigmnto a* in a 11iwD. rapid drillingc,ii~g~twigh, hih capaity exposie dillig *.4tc. ~vtl n ieviI
were provided for a unique mlti-Jet, ull pleatic. shpechzirga capfult used
as thse drilling tool. an~d an automatic feeder 3%shanisti to feed tbhs czpaules
to we* borahole. nThis feeder *quipent -.Fs adapted to 4 5" 11 comoerc ia1 I
drllling LInt, to create an .eplosive drillirg capabilityw. Saftey. capsule
procu-iIbility- & a xplos ive loading of the "apout* %mrs ,rie conaldelo tion
dur!in design itnd dev 12=t.

'" 'Li cf w17 -~IOb *."V S M "StOLItE
I A SUNCL.ASSFf.n ______



A developeent progra* vas conducted by the AAI Corporatior,
Cockeysville, Maryland for Lboratory 6000, U. S. Army Hokl4it Equip-

sent Research and D)evelopment C mwnd, Fort Selvo'ir Virginia. The
services were performed u.der Contract DAAG53-76-C-0033, PA Project
No. 1G762708AH67X. The progrw was concerned with te developmnt of
an automsted feeder system for controlled, rapid feediu of exlogvt

capsules in an explosive drilling cmccept currn tly t)rier developsent.
Research on the explosive capsule to shd safety ta e, inveatigate
methods of fabrication, and develop a wethod of exp-isive !-,In was
also included in the program.

The program was performed during the periof from OtSeor '975
through June 1976 under the direction nf Jawmes M. -iton of Laboroy
6000, Fort Belvoir, Virginia. The project was vox*d at ,!c A1l
Corporat.on by W. L. Black under the supervisioe vf I. G. StickWd,
Department Marager. The principal designer wa J Soir Sfiac 1iAI1.
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IN "SADDi 3CT LON

A' progra was condueted to develop several itests of equi~tnt
that are needed to coa:er sn explcsive drilling concept from its cur-
rent research status to a developmental status. Part o~f this develop-

ine-EeffrEwasalacadton 4aauoated capsule feeder that was

a supply ofexplosive capsules into the borehole at controlled, rapid
rates. A parallel effatt wx concerned writh the deveiopaent of an ex-
ploslive copsule that will besafe to handle and use. and can be fabri-
caed jat a resanble cost by cnvnentional mass prr-duction methods. Thbe
production studies Imnclied the 4eveloment of a satisfactory aethod for
explosive loading the czpsules.

This developoent progr~m was preceeded by two research programs
that eained basic concepts for explosive drilling. The objective of
this researchi was to detera-ne if weans could be found to effectively
use the large quantities of chfmical energy iLn explosives Lj drill large
diamavier holes throtigh difficult rock. Explotives are a highly cot3-

,entrat.-d source of potential energy, and if this energy can be employed
efficiently to dislodge and break up in-situ materials into =wlI psarKA-
dles or .r~oils thot can be brouSght to the surfoce, their use to achieve
an eff...Live. lightweight drilling proce&* can be realized. this re-
search work produced positiwe indicatious thst gmplosive drilling could
he ueveloped into an efficient proceS.S, and provided an in~fIght as toI
the nature of the equipment that could t-e miptoyed. Ore important pro-

duct of the research wss a unique all%-plastic aultEi-jet, shaped charge
capsule. A smll 4-inch diameter capsule concaininx 160 grams of e~t-
plosive was evolved that is copable of drilling a 14-inch diameer
hole in quality limestones at the rate of 0.70 to 1.00 inch per ex-
plosion. The cipsule produces seven lets of explosive energy that
radi*Ce in a pattern that concentrates a major portion of the energy
on che bottomn face of the borehole. A similar capaule, 5-inches in
diameer, containi-.4 265 grasts of explosive, drilled 4 20-incY dia=-
eter hole in good limestone. The significance of the shaped charge Wde*
is that it directs a considerable portion of the explosive energy ad
concentrates it or. the face of the rock. The ab-ove performances were
obtained in an air filled hole. Details of this restarch effort is re-
ported in references (1), (2), and (3).

The Army and the construction industry in general has the nred
for an efficient, rapid means of drilling large diameter holes in hard
rock. Single mobile drilling units weighing up to 100,000 pounds are
available that can drill holes up to 8 inches in diameter through solid
rock, but the conventional equipment required to drill hole3 in. t.te 8-
to 24-inch diameter range become very large mulciple unit arrangements.



The equipi-ent fanvisi.,med for -3n expinstve drilling rig w41:h a 24-inch
di.Aecn drilling copabiiity contrasts sharply with cCrnverrtiOn.3L equi p-
sent requirements. The equipr-ent is envisioned a~s heing transported on
two 2k-ton txricks. One truck would be employed as the carrier and mout.n
for the drill rig, rte compressor, and some of the aux~ilary equimaent.
A necornd 2k-ton Eruck uould be tused an a carrier for sulpii-s and equip-
awnt such as the explosive capsuiles, drill rod, and casing. Equipment of
theze propertians is economical, readily available, highly mobile, and
air crsnvportable.

The Army's drilling requirewents are more rescrictiv Zhan might
boe Lalerar-ed by the construction industry. T1hey can be briefly su~arized
as [Clowu:

1, World~wide deploymeaL is nccessary; t ertforc, ctl eq~ipment
isitbe capable of operating In any type of suil or rock,

under 2ll types or climatic conditions.

2. The "tuiprment tusE be of madest size and weight to be

diatmeter in ha-.rd rock is necessnry for special purpo~e
eMplacfesents

T. he eqiwsn USL LaVe a rapid empiacemn capability
both In hole drilling and emplaceaenE Set-tio tire-

Th* driIing tool in this explosive drilling concept is the ex-
plosive c--atile. To achieve a safe, rapid drilling capability, a =eans
musc be provided for introducing the caipsules into the borehole at a
controlled, rapid race. This operation m'zst respond automatically to
the ccPtr'1 exexcised by 3 drill1er stationed at a remote safe distance
from the operation. To satisfy this requiremenL, 3n automated feeder
was conceived, designed, fabricated, and installed on a selected com-
ocrcili drilling apparatus. This provides the basic item of equimaxnE
in the explosive drilling system. One oi the principal casks on this
program was the developmient of this capsule feeder equipment.

Thbe basic design for the mtilti-jet, shaped charge explosive
ca3osule was conceived and proven -.n tha prior research programs. Several
refinev.ents were required to convert this concept to a L.uethat could
be loadt-d, hondled, and used in the fveder in a safe, convvnienE manner.
This program provided the design and developmenz work required '-u achieve
ain operational capsule. This work included production enginecring L.on-
siderations, for the ability to maanufacture the capsules at a reasor ble

cost is very important. Explosive loading of the capsule by ',.oducrion



process is also necessary. Techniques were developed for loading the
capsule by an established production loading process. Details of this
development activity are presented in the following portions of this
report.

3

I!



INVEST1GATIONS

A. Review of Concepts.

For the envisioned explosive drilling system, the basic item
of equipment in the system will be the drill rig. This rig will consist
of light :-ty commercial drilling equipment modified to accommodate the
equipmenn required to convert it to 3n explosive drilling capability.
During the research programs, the concept shown in Figure I was projected
as a probable design for this equipment. The photograph shown inFigure 2
is a view of the drilling equipment that evolved from this program. The
feeder is installed, but it is less the compressor and other auxillary
equipment that will eventually be added.

'he equipment as it is currently composed consists of an
International 2 -ton truck chassis with a Model B-53 drill, furnished by
the Mobile Drill Company, installed. 1he drill is driven through a power
take-off arrangement by the truck motor. This equipment was recrnmnended
by this contractor, but acquisition was accomplished by the GoveLnment
and thv*n furnished as a GFE item for installation of the capsule feeder.

"be mode of operation is the tollowing: The commercial
drilling equipment will be used in a conventional manner to start the
hule if the site is covered with material that can be drilled with an
auger. Se.eral lengths of commercial hollow-stem auger will be carried
to acct,.ilish this operation. As long as material can be removed from
the boreholtl by the auger, this mode of operation will be continued, for
this is th ,no.:t efficient of all drilling techniques when conditions
are favorable tr this type of operation.

When rock is reached, the operation will be converted to ex-
plosive drilling. Without the benefit of experimental experience it is
not clear what the best procedure will be, but the most optimistic pro-
jection is that explosive drilling can commence by merely starting the
compressors and continue drilling by feeding explosive capsules at the
desired rate with the capsule feeder. it is not known at this time
whether the compressed air can force the spoils up along the flights of
the auger. lf this proves unworkble, the auger must be Dulled and re-
placed with a drill stem designed .olely for explosive drilling. Th-e
B-53 drllliiig equipment is -ap-:hl, 0.f i,.nu.vildg and adding dril' stem
or auger in 20-foot lti.gths.
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B. Capsule Feeder Provisions

The capsule feeder assembly is attached to the B-53 drill rig
as shown in Figure 3. The feeder consists of a tray that supports 24
cylindrical cups that are linked together to form an assembly that re-
sembles An endless chain (see Figure 4). This chain is attached to two
sprockets, one at the oetboard or right end looking forward and the other
at the inboard or left end. The left-end sprocket is driven, the right-
end sprocket serves as an idler. Capsules are installed in the cups,
one capsule to a cup. The driven sprocket is controlled by a pneumat-
ically powered indexing mechanism. Every time the drive indexes, it
moves the chain assembly 1/24 of a full revolution around the tray.

The tray can be located in three positions. The middle posi-
tion is the operating position (see Figure 5). In this position an
opening in the tray lines up with the drill stem, and when a capsule is
moved over this opening by a stroke of the indexing mechanism, compressed
air will force the capsule down through the cup into the drill stem and
through the stem until it exits at the bottom of the borehole. The
iight-aost position, looking forward, will locate the tray so that the
li rs fxon the cat head can be used to haul or install sections of drill
stum or auger. The left-most tray position is its travelling location.
it will rest entireiy within the width o. the truck in this position.

The tray is equipped with sides and an assortment of guides
to co trol O rrAvel of the cups as they orbit around the tray. The
cspsules are instajl-t -. opening two flaps which are retained by pairs
of q ice-acting cam locks, z- dr -pin a capsule in each cup. rhe cup
over the 6_liz stem cannot be fiiiz-:, t e-Zie -re; 23 capsulee constitute
a ropleoe oad. 7Me aI'-p are closed and - _41 %rer insertion of the
capsules. This preven t.; ,, 4,= being thrown from chi r CUps b- shock
and vibr&r-'_ n during the drilling operstions.

A tube assembly extends from the bottom opening in the tray

down through the rotary drive of the comercial drill equipment. A
rotary -eal is provided in ihe tube assembly to prevent leakage of com-
presee-d az--r and permit operation of the rotary drive. Also an inlet
port is prctvrded for connecting the air supply used for spoils removal.

The feeder operates on air tapped from the -eceiver on the
air brake system of the truck. Later, when the spoils removal compres-
sors are added, operation could be accomplished from t*..is supply also.
!Ihc system has been designed to function an air pressure at 40 psig. The
control syset operates on i2 volts DC supplied by the truck electrical
system.

It!
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The feeder vas tested for all modes of operation sad
functioned in a completely satisfactory manner. The indexing drive
is stroked by a push button frcm a renote position. The feeder was
operated as fast as 120 strokes per minute dguring tests, but in drilling
operations a rate of 30 strokes per simute is expected to be near the
uaximm practical rate

13
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Tile concept of a mulli-JeL, ill-plastic, shaped charge cap-
sule eimerged from the research effort. Extensive testing performed
during those programs indicated thaL Lhe multi-jet shaped charge concept
was effective in focusing a major part of the explosive energy on the
face of the rock and that satisfactory drilling efficiency could be ex-
pected. 'ests also indicated that holes of the desired diameter could
be produced with capsules of convenient size.

Because the capsules were constantly being varied in size
and configuration, most of the testing on the repg.ch programs was
StaLic testing performed with only the explniive assembly portion of
th ca;psule. ''lese capsuies were manually positioned in the holes and
Inidivldislly exploded, However, one complete capsule was developed in
it 2.50-aiih. diameter. size that was equipped with a firing train and an
ut-,f-line siafery arrangement. Experience with this capsule indicated
LtraLi Lhe procedures envisioned for automatic feeding and functioning of
Lhe explosive capsules were sound. No efforts had been made to design
a [iring Lraiin and safety system for the larger size capsules; there-
firc, one of the important tasks of this program was to design and
deve!op a firing train and safety syptem that was compatible with the
l'vid r, and would provide a convenient safe method of handling.

A. early decision wits necessary on the diameter of the cap-
i iul i fio resuarch work had indicated that a 4-inch diameter capsule
loaded with L60 grams of explosive would drill a hole of about 14-
inclh duuLu ,r is quali,ty limestone and granite. It was also determined
that 5-itlch dLame:er capsule containing 265 gtrains of explosive
would expand Lhe diameter of the hole to about 20-inches. Tlie ex-
porimunt also indicated that an Intermix of 4- and 5 Inch diam-
v't :r capsutles was effective in drilling a 20-inch diameter hole. An
Idua wou conceived, however, but has not been tried experimentally, for
obLainluug a 20- to 24-inch diameLLr hole with a 4-inch capsule alone.
'111ju consists of arranging the nozzl,. or exit end of the drill stem so
h hC cpSules will impact the boLtom of the borehole 4 to 5-Inches

off the center of the hole. The drill stem will be rotated slowly,
and as drilling proceeds, a hol., of 20 inch diameter or more ohould
be generated. 'Tis prospect ,of obtaining a 20 inch diameter hole
with a 4 Inch diameter capsule plus thm dimensional properties of
coiwnucrcially available drilling equipment, led to a decision to deaigii
the feeder and COpsule dyteVmt around the 4 inch diameter capsule.

The ,,obie Drill Lonpuny equips one of their utandard drill
rigs with a rotarv drive that has an opening in the center that measures
4,b25 incites in dianeuter. 'Titi aiuipment was selected for unj', and the

14



center hole was bushed with a sleeve having a 4.375-inch inside diameter.

This sleeve functions as part of a rotary Joint for the ccmpressed air
and provides a =tooth passage for the capsules thmugh the rotary drive.
These dimendional constraints led to a decision to design a capsule with
a 4.312-inch outside diameter.

Safety of the capsule during loading, handling, storage, and
use was a matter that received a great deal of design attention and in-
fluenced several features of the capsule. Details of the capsule Ire
illustrated in Figure 8. The configuration of the high explosive section,

excent for a small change in diant-ter was made nearly identical to the

4-inch capsules that had evolved from the previous research work. A
skirt has been attached to the high exmlosive section to provide standoff.
for the shaped charge and obtain a good length to diameter (L/D) ratio
for stability in the feeder cups and during passage through the dri.!
stem. Assembled atop the high explosive section is the firing train
assembly that incorporates the safety provisions and provides additional
L/D properties.

The firing train and safety provisions function in the fol-

lowing marner. A slider assembly is loaded with a M-55 stab detonator
and booster. The M-55 detonator was chosen because of its availability
and economy. It is widely used and, therefore, manufactured in very
large quantities at a current cost of about eight cents per unit. The

output of the detonator is insufficient to detonate the explosive charge
directly; therefore, a small booster is employed in the firing train to
produce the necessary energy. This will be a simple booster consistiog
of a thin aluminum cup filled with Petn or Lead Azide explosive. When
the slider is installed in the capsule, these explosive elements are
positioned out-of-lir.e with the firing pin and held there by a cotter
pin that is insertedwiththe end bent to prevent its backing out except
under an appreciable force. This constitutes one of the safety "eatures
of the capsule. The firing pin is installed in the capsule as shown in

Figure 6. Its movement is restrained by a spring that will prevent
motion unless an acceleration of 2.00 g's or more is applied in an axial

direction. Its motion is also pr-vented by a lock created by a bzl held
in engagement with a groove in the pin by a spring clip. When this
spring clip is removed, the lock disappears. This is the second szfety

on the capsule. At assembly, both safety arrangements are installed and
both must be removed for the capsule to become armed. The feeder and
capsule have been arranged so thaz both safety devices are removed auto-
matic;ally when the capsule moves into position over the drill stem an
begins its motion down the drill stem. The first action in the arming

sequence is the removal of tne spring clip that secures the lock on the
firing pin. This clip is wiLhdrawn as the capsule is twved into position
ovcr the drill stem. The cotter pin that has prevented motion of the

slider containing the firing train is withdrawn by the motion of the

15
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capsule as it begins its travel down the drill stem. The capsule is
still not armed, however,oince the slider is prevented from moving be-
cause it is riding the bore or inside diameter of the drill stem. When
the capsule exits from the drill stem, this restraint terminates, and
a spring will move the slider sufficiently to position the firing train
in line with the firing pin. The capsule 13 now armed, and when it
strikes the bottom of the borehole, the firing pin will accelerate down-
ward, strike the M-55 detonator, and explode the capsule.

A final safety feature is associated with the cotter pin.
When it is withdrawn from the slider,it is retained on a wire that is
secured to the capsule. If a capsule should become lodged in the drill
stem, it must be removed. This is accomplished by lowering a hook that,
with a little maneuvering, will hook the wire and the attached cotter
pin. The capsule is then pulled to the top of the drill stem where
either the cotter pin is installed in the slider or the firing pin is
removed before withdrawing the capsule from the feeder cup. A view of
an assembled capsule is shown in Figure 9.

The explosive capsule is an expendable item and, therefore,
must be manufactured at an affordable cost if explosive drilling is to
be economically attractive. This matter received considerable atten-
tion during design, and some tooling work was performed to check the
efficiency of production processes.

The tooling studies were concerned with the plastic parts.
A mold was made for the upper assembly which produced good parts in ABS
(Acrylonitrile Bucadiene Styrene) material, one of the more economical
resins. This is a fairly complex part that would be expensive to fab-
ricate by zny u:her process.

the lower part or explosive housing presents special fabri-
cation problems plus there are constraints on the choice of material.
Views of this explosive assembly ace presented in Figures loand 11. The
following constraints are important factr-s in selecting the material:
The capsule is loaded with explosive by a casting proce;s and the temp-
erature of the explosive is about 1000C, when it is poured into the
capsule. The melt temperature of the plastic must be well above this
temperature otherwise the capsule will melt or distort. In the thermo-
plabtic group this limit! t'le choice of materials considerably. Also,
it has been assumed it ,, uid be beneficial to make thL cone liners of
a glass-filled plastic aince glass is a material often used as a shaped
charge liner. Some evidence was obtained during the research programs
to support this assumption when the performance of shaped charges
equipped with liners containing 45% and 60% were compared. The benefits
of the higher glass content, however, were not pronounced. On this pro-
gram, the material used was 612 nylon c¢i taining 60% glass by weight.
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Figure 9. View Of An Assemled Capsule
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Figue 10 To Vie Of 2:posiv Assmbl
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Figure 11. Bottom View Of Explosive Assembly
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I This is 6 sai6.ctor' viAterial, but irs pric pre in hsi-Se q.ufti-
tiCas 13. $1.75 per pound and, thereforie, I i,)gt an coet.s erl.

M!kdding of the lower pzrt of this housing w - [ch M tte cone lioler3

not be Qclded in a an'le piecir After ccni zdorabl, study,isad~ut cl.Teg'2~ fte ~ i atc pct-Cit cn
wma selecte,& vbere rl1 1olkoe -a *' ws z-od A in thirds. Each third was
identical and wms tk; te bu. ' is t e-sm to join them to
form fhe Ilr ueq ~. h lid or top *iI 'i V- --- eti.sched to

ca~petethe exp'-i'4 aitzae-aby housing, joizL:Z~ t~e p'art is occom-
pliahed bv Ar -Fing heat along 6,c seazg. This M~lta the i tsin samen-I tarily, whe~bn it ctols, the sesms are clomed aud zn intvq.rii1 assembly

Tihe design of the remining parts of the capsule appear to
be Satisfactory for quantity produc~tion. The parts car. be fabricated
by plastic molding,or on a acrew machine, or by stamping all of which
are standard, high-productien, economical labor saving prcesses.

Several innovations were designed Into che plastic parts to
reduce assebly time to a wi'xiim. One of these innovatior-ta n be 9*en
in Figure 9. The two projecting prongs sre inserted into holee in the
upper assembly molding. Heat is applied momentrrily to the ends of
these prongs and z, permanent assemly is accomplished in a matter of a
few seconds. Other innovations proved equally successful and additional
use of innovative tech:.niques should be developed.

Explosive loading of the capsule presented a problem that re-
quired the assistance of a firm experienced in this type of activity.
on the research program, explosive loading had been accomplished by
manual packing of the capsules with C-4 ew2losive. T1his required an
appreciable aount of labor; therefore, d.zvelopment of a more econiomical
process was necessary. The sex-vices of Trojan Powder in Allentown,
Pennsylvania were obtained to conduct experiments in explosive loading.
D~esign of the capsule was modified to include a filler spout in the
cover of the explosive housixng assembIy This spout can be seen in
-'igure 10. Using this3 spout, Trojan Poie4Ier experienced no problems irn
loading the capsules with pentolice. Pei. Aite was used because Trojan
is a manufacturer of this material ktrd 1vrferred working with it rather
than composition "?B". Either inatcrial can be cast and will be a satis-
factory explosive wkaerial for the capsule. The weight of the capsules
was closuly monitoread during the loading experiments to detect whether
or n*E voids would develop. Weight.s were uniform and reached the ex-
pected values indicating thet the cavity was filling well. This quality
was con~larmed on two of the capsules by opening them and examining them
for voids. No voids were found.
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DISCUSSION~S

OoiW of tdie technical problem faced during design of the feeder
wm, '--rt Lion of the load factors to use to designi the *Zrucr-ure.
T.. pri-t 'p* co-asideration was the shock type loads jew~rated by the

s 1 he explosions occur down the hole and~ parallel situations

loads mig -it b,: or how they might be estimated. Faced with ihis sir-us-

,fo, acomnervaiie approach v-ia taken ani the impulse on a surface
i~;vt-e explocions tie size of the borehole was computed and applied to

the rA'^,k*te. Th wb oftheparts attached to die drill sr-em was

facor.:n esinl~g te srucureofthe feeder. Faced with this load

sheet o ulnuir~efricton *n wear. Otter wear &4rfaces were
protectedi in a li'Le manner.

Plans had always included the use of an indexint drive that would
be pneumatically poered, but a decision was v~ceasry regarding the
operating presr ire. rt I's envisioned that the ccapr-ssors used to so-
ply air for spoils remsoval ill probably be axial type cjpe55sors used
in engin~e starters. These compressors usually supply air at armind 40
psig. It- in probable, therefore, that this will become the optrating
pressure for the pnemiatic system so an indexing mechanism was selected
that would be compatible with this supply. This resulted in the selec-
tion of a larger mechanism than would ordina;.ily be emploayed, but space4
was found for its instaliation and the system functions very nicely at
an air peessure of 40 psi&. On this program the feeder was operated on
air taken from the receiver that at-pplies compreased air to Lhe brakes
on the t:ruck. *The capacity of this supply is adequate and its pressure
is 100 psig. The pressure was reduced for the tests. This is an alter-
nate arrangement that works quite well and could b~e used in the final
5y~tea if desired. All technicail problems associate#.; with the feeder
wer-!t rescrived bud the system. functioned in tests in a satisfactory man-
ner. The tests indictted that the system will be capable of feeding
the explosive- capsuleb at any desired rate and will tulf ill the need for
equsipment necessary to conduct meaningful experiments in explosive

The safety features developed for the capsule functioned well
during tests, Thbe out-of-line safety feature for the firing train and
the bore riding arrangement to maintain an unaraiid status until the
capsule exit;% from the drill sr-em has always been part of the envisioned

sofety provisions. A need was recognized for a second independent safety

2')



provision and locking the firing pin appr_ to hwm fulfilled this goal

satisfactorily. The fact that both safety devices can remain Intact in
all modes of handling, and personnel are &t a remote safe distance when

they are removed, is considered an important safety feature.

The ability to fabricate the explosive capsules at a reaorable
cost is an important consideration, and for the most part, the designs
developed during the program should satisfy this goal. All of the

capsule parts, with the exception of the explosive houting, can be
fabricated of economical materials by standard mass prhcditon techniques.
These are the essential ingredients for ecanomical manufactur*. The
assembly process is also simple and capabla of being accemlished with
reasonable effort. nd chive Loadeig can be performed y an es bl-she
prouction process, and the deai n appAr s to be adequate from this
standpoint.

Studies to determine whether alternate materials and production
methods can be employed to fabricate the explosive housing might be
justified. As previously pointed out, design of this part is subject
to a number of constraints such as compatibility with the 100 C
temperature of the molten explosive, the desire for a high glass content
in the liners, and the geometry and arrangement of the liners. This
housing, including the c.ver, weighs 140 gram , and at $1.75 per pourn
for large quantity requirements, the material cost of glass filled
nylon is 54 cents. The prospects for locating a satisfactory altemnate

material are fairly good. For example, on the basis of published
data, it appears ChAt heat resistant, glass filled ASS mar rial might
satisfy the temperature rcaqiresent. This material can be_ obtained at

half ;he c4st of nylon, making the projected --- of the material
25 to 30 cents per part. Studies should also be -*de to dter-ine
whether a more ecoromicPl fabrication process than the one currently
employed can be developed. It may well oe that the current proues=, in
large quantity production, will be quite economical. The raolding
method is aimpie and as ecobica! as can he obtained. Three partz ace
required pr assembly since it is molded in thirds, but molding costs

can be controlled by using multi cavity solds, .-sewbly of the parts
in the current program retuired considerable time, but thi! opperation,
also, would become inexpensive %ith the development of proper fixtures
and tools. Because of the geometry of the lower part, no way is
envisioned for its fabrication as a single molding. This means that
an assembly operation cannot be avoided, and economy of fabrication
will depend largely upon the efficiency at which assembly can be
performcd.

All the parts in the calpsule can be fabricated on a screw
machine, or by stamping, or by molding. All these fabrication nethods
are recognized, low labor, hi&n quantity, low cost processes. A good
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indicator, therefore, of large quantity costs is the cost of the
materials. The following is an ejcimate of uateriel costs for the
capsule.

WEIG4T MATERIAL COST UNIT COST
lbb. $/lb.

Explosive Housing .308 01 85 0.2621

Explosive .374 1.50 0.5610

Upper Molding .207 0.50 O.IM05

Slider .021 0.85 0.0018

Springs (2) .002 .0600

Detonator - H55 .0800

Igooster - - .1500

Standoff Skirt .079 0.50 .0396

Firing Pin .0114 0.30 .0042

Safety-Slider .0066 2.00 .0132

Sprir - F.P. Safety .0017 2.00 0.0034

Knob -.-.P. Safety .0067 .50 0.0033

Cap .VM36 .50 0.(X)18

1.0236 $1.2839

The $1.28 figure is the cost for material with no allowance for
scrappase or operating overheads and profit. If a 20% allowance is
made for material loss during fabrication and 45% is added for over-
head and profit, the cost of materials beccoes $2.23 per capsule.
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CONCLUS IONS

The following conclusions are drawn from the experience and
findings of this program.

o Tests of the feeder system indicated satisfactory performance
in all modes of operation, and the systm appears to be
ready and su ted for use in conducting experiments in
explosive drilling.

o Feeder tests under the shock load conditions that will be

experienced during drilling operations were not conducted.
These tests, would have required extensive preparations
and, therefore, were not included in the scope of this

progra. Performance of the feeder and the drill rig under
these conditions will be determined when experiments in-
explosive drilling begin.

o Experiments indicate that the capsules can be loaded

satisfactorily with pentolite or composition "I" explosive
by a casting process. This is a standard production loading

method, therefore, the design appears to be satisfactory
from this standpoint.

o The two independent methods of irhibiting arming of the
capsule performed satisfactorily in tests. The safety
provisions developed for handling and use of the capsule
Rppear to be adequate for use in the envisioned explosive
drilling process.

o Projected costs for capsule materiils and review of the
designs from a production engineering standpoint indicate
that the capsule can be produced at a reasonable cost in
large quantity production. The availability of an
economical capsu'e, however, is a vi:al economic consider-

ation, and continued monitoring of designs, materials and
fabrication techr.iques to further reduce capsule costs is
Justified.
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RECOIENDA'TIONS

The results of this program lead to the following recommendstio
regarding future investigation of this explosive drilling process.

It was demonstraced that bcth the feeder and the capsules
perform in an acceptable and expected manner, and are suitable for
use in planning further development of this explosive drilling concept.
It is recommnded, therefore, that the follow-ng plans be considered.

a. Equipment such as drill stem, augers, casing, and aiscella-
neous connectors and adapters should be desipd, fabricated,
and procured to equip the drill rig for conducting
experiments in explosive drilling.

b. A quantity of explosive capsules sufficient to conduct a
series of drilling experiments should be fabricated.

c. Plans should be made to obtain the compressors needed to
supply compressed air for spoils removal. T"tse may be
rented or procured.

d. Experiments in explosive drilling should be planned and
conducted to resolve technical problms and examine the
effectiveness and efficiency of this explosive drilling
technique.

2b



RE FERENCES

1. Black, W. L.; INVESTIGATION OF TECHNIQIES IN EXPLOSIVE DRILLING;
AAI Engineering Report ER-7338, Final Report, February 1973.

2. Miack, W. L.; INVESTIGATION OF ADVANCED CONCEPTS FOR EXPLOSIVE
DRILLING, Ag Engineering Report ER-7772, Interimk Report, April 1974.

3. Black, W. I..; INVESTIGATION OF ADVANCED CONEEPT FOR EXPLOSIVE
DRILLING, AAI Engineering Report ER-8079, Final Report, October 1974.

27


